(i2,UK Patent Application, i9,GB (n, 2 013 726 A 



(21) Application No 7902974 

(22) Date of filing 
29 Jan 1979 

(23) Claims filed 
29 Jan 1979 

(30) Priority data 

(31) 873251 

(32) 30 Jan 1978 

(33) United States of America 
(US) 

(43) Application published 
15 Aug 1979 

(51) INTCL2C23F 7/26 

(52) Domestic classification 
C7U 4B 4C 4H4 4J4M1 
7A 7C 7G 

(56) Documents cited 

GB 1363194 

GB 1329198 

GB 1327415 

GB 1166685 

GB 1152951 ' 

GB 1133325 

GB 1084478 

GB 1076678 

GB 994062 

GB 913344 

GB 893019 

GB 889183 

US 318S596A 

US 3063877A 
(58) Field of search 

B6J 

C7B 

C7U 

(71) Applicant 

Amchem Products Inc 
Brookslde Avenue 
Ambler 

Pennsylvania 19002 
United States of 
America 

(72) Inventor 
James W Davis 

(74) Agents 

Sanderson Co 



(54) Metal-coating compositions 
and preparative methods and uses 
for such compositions 

(57) Metal-coating compositions for 
use in so-called "no waste" pre- 
treatments designed to secure maxi- 
mum corrosion-protection consistent 
with good paint-adhesion properties 
achieve increased "universality" 
under different paint systems are 
formulated from (a) mixed Cr com- 
pounds consisting of Cr^-^ and 
Cr3+, the Cr^^ formed by reducing 
40-60% of Cr6+ (b) phosphoric 
acid, (c) polyacrylic acid and (d) 
acrylic emulsion polymer, and (e) 
suf icient water to form a solution- 
like composition. The compositions 
are used in various processes for 
coating metals such as iron, zinc 
and aluminium. 
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SPECIFICATION 

Metal-coating compositions and preparative metliods for such compositions 

5 This invention concerns metal-coating compositions and preparative methods and uses ^r such 5 
compositions. IVIore specifically the invention relates to chrome-based compositions for coating 
the metals commonly used in industrial practice, above all iron, zinc and aluminium so as to 
improve their corrosion-resistance and paint-adhes.on properties, and thus t° P^^P^™ 
receive a subsequent siccative f inish, as well as to methods of preparing sucli chrome-based 
1 0 m?tJ::cS ating compositions artd proc esses using such compositions for applying coatings to such 1 0 

""The terms "iron", "zinc" and "aluminium" are all used herein to "/J ^^J);**^^^ 
respective pure metals but also alloys thereof in «,hich the named metal is the Predominant 
ngredient; and the term "zinc" moreover also includes galvanized or otherwise ""f^^oated iron. 

1 5 Many different treatments have been proposed for improving the corrosion-resistance and 1 & 

paX^f^dheSon properties of metals, for instance those in which a chemical conv^^^'^-liiS^'^a 
formed upon the metal surface by treatment thereof with aqueous acid P^osPjate or ac,d 
chromate solutions, including procedures i" which resinous vehictes are added to 
chromic acid treating solutions. Whatever the particular system e'"P^<>y«;*' 

20 of all such practices is always essentially the same, namely to secure the "maximum poss ble 
protection of the metal substrate against corrosion consistent y^«hs.r™ultaneoushr achieving high 
levels of Impact-resistance, flexibility and paint-bonding qualities. The very P^Ilferat on of 
proposals for securing such a desirable combination of properties shows how difficult that may 
often be to achieve in industrial practice. ^- ^ u ^^u, or 

25 Nor are the corrosion-resistance and paint-bonding properties of the coating i self the only 25 
important attributes of any such metal-treating method. It is also highly desirable be able to 
Employ a metal-coating system in which the coating is formed simply by contact with the metel 
surfaS followed bV d,?ing (usually hot-air drying or oven-baking) and thus ^-thom any need to 
remove excess coating material from the surface by rinsing or squeegeeing, because such 

30 tTeatmei^sually referred to as "no waste" pretreatments-have obvious ^olog^al benefits 30 
due to the fact that effluents— toxic or otherwise— are not evolved in the course of the 

ThTrl"are already-available "no-waste" pretreatments which have much to commend them, 
but unfortunately they lack "universality" with respect to the P?.'"* ^y^"?? 

35 quently be applied to the thus-treated metal surface. No single no .. P„^«*^f 

is yet known that will give optimum performance under a wide variety of different Pamt 
LlXSms 3 thus "no waste" pretreatments that give optimum performance under a solvent- 
tS oaint^em may not give comparable results under water-base type pamt systems, and 
wSe S^e^dTven as between different types of solvent-paint systems (such as Polyeste^ 

40 S Xd, plastisol and organosol paint systems) optimum performance cannot be guaranteed 
S the same "no waste" pretreatment. Accordingly known "no waste" P^t^Jments 
whafever their other merits may require adaptation to the particular "se envisaged-^nd in 
effect must in practice be specially-tailored to meet the needs of the particular pamt system 

45 ""one ofS,e m^ sttl^rtory of the known "no wasto" pretreatments is that decribed in 45 
Schiffman's U^rted S ates Paient No. 3.185.596; but even so. that metal-coatmg pretreatment, 
thougJTft performs excellently when used under vinyl paints, has been found to be simply 

ineffective when used under polyester paint systems. intinn^ hroadlv-dlsclosed 

We however have now found that the "no waste P^treatment formulations broadly-^is^^^^ 
* 50 in Schiffman's United States Patent No. 3,185,596 can be modified and e'^tended m such a 50 
way that while still imparting outstanding corrosion-resistance to the surfaces of metals suc^^ as 
iron, aluminium and zinc they acquire greater "universality"— specifically being then use ul 
. und^r boih vinyl and polyester paint systems, and indeed so far as we have ascertained also 

under many other types of paints and paint systems. . . ^ . • „i..+:«^c^ kk 

55 ScWffman's United States Patent No. 3.185.596 is concemed ^° ^^^^ 

that contain "mixed chromium compounds" together with water-soluble or v«.ter-d^^^^^^^^^^ 
polyacrylic acid. These so-called "mixed chromium compounds' mixtures of hexavalem 
chromium and trivalent chromium compounds which can be prepared by Pf a"y-^^<*':«^'"9 . 
aqLeois acid solutions of hexavalent chromium, using any of many k?"^" t^^f;'^^^^^^^^ 60 
60 the reduction, and preferably such reducing agents as do not form ^^i^'^^/^^^'^^.'^^^i states 
^ products which will be retained in the treating solution. Specifically f f 'ffman Umted^^^^^^ 
Patent No. 3.1 85.596 prefers formaldehyde for use as the reducing agent to effect the partial 
reduSion. as is more fully described in Schiffrnan's earlier United States Patent No. 3 06J,877, 
Lnd emolovs it to effect reduction of from at least 20% to about 60% of the hexavalent 
65 cK?orum "The irH^^^^^^ United States Patent No. 3.063.877 points out that solutions 65 
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containing such values of partially-reduced chromium can be used to improve the corrosion- 
resistance of not only a previously-applied coating but also the surface of a metal substrate The 
later Schiffman United States Patent No. 3,185,596 discloses that an aqueous solution 
containing at least 0.25% by weight of the aforementioned mixed chromium compounds can be 
5 made to yield a coating, when applied to metal substrates, which has greatly improved 5 
corrosion- and impact-resistance, flexibility and paint-bonding properties by adding thereto at 
teast 0.25% by weight of a polyacrylic acid compound. These ptJiyacrylic acid compounds could 
be of either the water-soluble or the water-dispersible type. Specifically there mentioned are the 
water-soluble types of polyacrylic acid compounds which are readily available as standard 

10 articles of commerce from Rohm & Haas Company, including those known under the trade 10 
name Acrysol, for example the aqueous solutions of polyacrylic acids having different molecular 
weights and viscosities sold as Acrysol A-1 and Acrysol A-3. Also disclosed there as suitable for 
use IS the water-dispersible emulsion of polyacrylic acid which is commercially available and 
knovm as Rhoplex AC-200. 

1 5 In order to achieve the objectives of the present invention, namely the formation by a "no 15 
waste" pretreatment of resinous, protective, flexible and impact-resistant paint-bonding coatings 
upon the surfaces of iron, zinc, aluminium and perhaps other metals which coatings exhibit high 
performance when used under a number of different types of paints and paint systems we 
employ compositions which essentially must contain a blend of hexavalent chromium, trivalent 

20 chromium, phosphoric acid, soluble polyacrylic add and water-dispersible acrylic emulsion 20 
polymer, at least some and very desirably all of these essential Ingredients being moreover 
present in certain specific ratios. 

^J^'S^^Xt^'^^^^^ previously-discussed Schiffman United States Patents Nos. 3,185 596 
and 3,063,877, there are however important differences which must be observed if the 

25 advance offered by the present invention is to be achieved. 25 
Perhaps rnost importantly, it is necessary that the degree of partial reduction of the hexavalent 
chromiurn shall be such that the proportion of hexavalent chromium reduced to the trivalent 
state shall be in the range of from 40% to 60%; and indeed we strongly recommend that this 

on P''°P°'1'°" ="0"''^ "^eP* below 55% and very desirably wHhin much nan-ower limits of 46% 

30 to 50%, for reasons which will be explained subsequently. 30 
Almost equally important is the fact that phosphoric acid is not optional but must be present 
fi nno/'Ti^DA'?'''^ ^,'!?"'*' present in a ratio by weight of from 3 to 4 parts of phosphoric acid 
{1U0/& H3PO4) per 10 parts of the mixed chromium compounds, for reasons which will be 
explained subsequently. 

35 It is also essential that the composition of this invention should contain water-soluble 35 
polyacrylic acid, and if not quite essential it certainly is highly important that the composition 
should contain a much lower proportionate concentration of water-soluble polyacrylic acid than 
that disclosed in Schiffman's United States Patent No. 3, 1 85,596, namely a ratio by weight of 
from 4 to 5 parts of polyacrylic acid solids per 10 parts of the mixed chromium compounds, for 

40 reasons which will be explained subsequently. 40 
Still further it is moreover essential that the compositions of this invention should contain 
acrylic emulsion polymer, and if not quite essential it certainly is highly important that they 
Should contain a rather large proportionate concentration of acrylic emulsion polymer, namely a 
ratio by weight of from 1 7 to 20 parts thereof per 1 0 parts of the mixed chromium compounds. 

45 for reasons which will be explained subsequently. 45 
According to one aspect of this invention there is therefore provided an aqueous metal-coating 
composition for coating metal surfaces to enhance their corrosion-resistance and paint-adhesion 
properties, which comprises: "iiwiun 

(a) mixed ohrornium compounds consisting of a mixture of hexavalent chromium and trivalent 

50 chromium formed by reducing from 40% to 60% of the hexavalent chromium to the trivalent 50 • 
state; together with 

(b) phosphoric acid; 

(c) polyacrylic acid; 

(d) acrylic emulsion polymer; and 

55 (e) water in an amount at least sufficient to dissolve and/or disperse all the other components 55 
therein to form a solution-like composition. 

While some of the benefits of this invention can be achieved when the proportion of 
hexavalent chromium reduced to the trh«ilent state is within the above-specified 40% -60% 
range, there is some sacrifice of the stability of the composition towards the upper end of that 

bO range, and we therefore strongly recommend that this proportion should not exceed 55% 60 
Towards the lower end of the range there is moreover some sacrifice of the paint-adhesion 
properties of the coatings formed by the composition, and accordingly so as to secure an 
optimum balance between the stability of the composition and the paint-bonding properties of 
the resultant coatings, and moreover to achieve the widest possible "universality'' under 

t)5 different paints, we greatly prefer that proportion of hexavalent chromium reduced to the 65 
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trivalent state should be kept within the '^^^^^^^'^''^l^^^J^^^^ influence 

that as the P«>P-;^-JJ become poorer 

Sdhesion under vinyl paints. Since ^'^/^Sf^Vmaior pSps Le^ paramount importance. 

15 composition to be effectively used under X-^Y f-^^ P^^^^^^ from 3 

strongly recommend that the P^'^JP.J^rjVo"? pt 10 pa^s o?thr mixed chromium compounds. 

^^vJa? ri'SuSreT^^^^^^ ^^^^^ 

invention are to be achieved In order to obtam^^^^^ 20 

20 "universality" under pamt it is however very desirable t^^^^ P ^gter^olubie 

low proportionate concentration, namely a ratio by weight °^ "^";7 ~ J^^^ ,^ found .t most 

Acrylic emulsion P«t'.'"«;.^'^° proportionate concentration thereof as 

invention are to '^^^.^^^^^ ^^tSer argVnamSy at least a ratio by weight of 

raised there are tendencies for the ^^bil ty of the wmposm^^^ paint-adhesion properties 

parts by weight of the mixed chromium compo^^^^ compositions of this invention is an 

The acrylic emulsion polymer P^«*«™^ "^^^ polymer solids with an 

emulsion with « n°"-'°"'%«"^„^t^"V^"^3ed f^^ to alkaline applications for 

45 and the reason for this is not yet "?Jf'^°°^X*^i^.7;'Sir^^^^ ensuring that the 

empirical basis found that .t is possible ^° ^^^1''?':'^ ^Ji^.^^ and/or phosphoric- 
water-soluble polyacrylic acid has '^^'^P'^^V SpTto thrmher con^^^^^^ th?t suspended 
acid before the water-dispersible polymer '«^^^<l^ed to the o^^^^ ^^^.^^ 

undissolved particles of reactants are not P.^f .^^H * a wWe vSv^^^ but it currently 50 

most often the concentrate will be ^''uted with water a ^^^^^ ^ 



chromium compounds. 

Specific preferred metal-coating compositions for use in accordance with this invention are 
those having a pH of between 1 and 2, and which contain concentrations, per 200 ml to 4 
litres of the resultant aqueous composition, of: 
5 (i) substantially 8.3 grams of chromium trioxide (of which substantially 46%-50% has been 5 
reduced to the trivalent state); 

(ii) substantially 2.9 grams of phosphoric acid (100% HsPOJ;" 

(iii) substantially 3.8 grams of polyacrylic acid; and 

(iv) substantially 14.9 grams of acrylic emulsion polymer solids. 

1 0 According to another aspect of this invention there is therefore also provided a method of 1 0 
preparing a stable aqueous metal-coating composition for coating metal surfaces to enhance 
their corrosion-resistance and paint-adhesion properties, the coating-forming ingredients of said 
composition being hexavalent chromium, trivalent chromium, phosphoric acid, polyacrylic acid 
and an acrylic emulsion polymer; which method comprises the steps of: 

1 5 (1) forming an aqueous solution of chromium trioxide and phosphoric acid- 1 5 

2) reducing from 40% to 60% by weight of the hexavalent chromium present in said 
solution to trivalent chromium under conditions such that substantially all of the reaction 
products from the reduction remain completely dissolved in the resultant partially-reduced 
chromium solution; 

20 (3) adding polyacrylic acid to the partially-reduced chromium solution under conditions such 20 
as to ensure that the reactants present completely interact to form a partially-reduced chromium 
polyacrylic acid solution; and ^ ""ommm 

(4) adding acrylic emulsion polymer thereto. 

OK .vJ^^ preferred characteristics of the various components of the composition are the same in 

here'in invention as they are in the composition itself, as previously discussed 25 

The reduction is preferably effected by means of a reducing agent that will not form 
objectionable reaction products in the solution; and that reducing agent will desirably be 
formaldehyde. ' 

30 Generally-speaking the partial reduction of the hexavalent chromium and the mixing of the 30 
polyacrylic acid can be accomplished by techniques essentially the same as those discussed in 
Schiffrnan s United States Patent No. 3,185,596. but greater care must be exercised to avoid 
formation of undissolved residues. One must therefore seek to avoid boil-over during reduction 
since that win cause crusts of dried chromium salts to form on the surfaces of the reaction 

35 vessel, and these redissolve in the chromium-resin solution only with difficulty; hence the 35 
reaction mixture should be maintained during the reduction under conditions that minimize or 
prevent boil-over. Similarly it is important during the addition of the polyacrylic acid to form a 
complete solution of all solids present, and it is therefore very desirable to allow the polyacrylic 
acid-chromium solution to "cure" or "age" for a sufficient time, typically 20 hours or more, to 

40 ensure that the reaction between the polyacrylic acid and the chromium is complete and that all 40 
solids are in solution before the acrylic emulsion polymer is added. The careful introduction of 
attaining this objertlve minimize "shock" are also beneficial in 

fcr^nSl?i!5.°^®J I'i''"* ^'^'"^ '"I"''' ^ ^P^''"''= preferred method according to this invention 
45 for prepar mg a stable aqueous metal-coating composition comprises the steps of- 45 
(i)dissolying chromium trioxide and phosphoric acid in water in amounts corresponding to 
1^1oTh%\\1'SSI^^^^ '^'^''-^'^ '^-^ ^ P^osp^ol acid 

(11) adding formaldehyde thereto in an amount corresponding to substantially 4 4 arams of 
50 formaldehyde (100% HCHO) per 41 .5 grams of the chfomium^rioxide unrLch coSons as 50 ^ 
to prevent boil-over; 

ion»o'"f2^.r'?^ *® ^^fy^^ reaction mixture at a temperature within the range of 
I?5 ^^"P'u"- 82°C-88-C) for a period of time at least sufficient to complete the 

SL^! h'I^T* ^° eliminate any unreacted formaldehyde and to ensure the 

55 complete dissolution of the resulting reaction products; SS 
(iv) diluting the resulting solution with from 300 ml to 350 ml of water- 
„™ «ir<F P°[yfcrylic acid solution thereto in an amount corresponding to substantially 76 
«™i • rf*'9'^*/X0'"?'«) t'^e original 41 .5 grams of chromium trioxide in such a 

an ?i, I? the reaction between the phosphoric acid and mixed chromium compounds 
60 on the one hand and the polyacrylic acid on the other hand to completion- ^ompounas 
(VI) adding water so as to bring the total solution volume to substantially 800 ml per original 
41 .5 grams of chromium trioxide; and *^ ""Binai 

«nt^ii!.*il'".!i?®' *** "^^J^***"* partially-reduced chromium-polyacrylic acid solution adding an 
65 f^^^inTo frfi'r,?;^''*.?!'^" ?" corresponding to substantially 160 grams 

65 (containing about 46-47% solids weight/volume) diluted to 200 mi with water per original 65 
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41.5 grams of chromium trioxide. . . 

The invention of course extends to stable aqueous metal-coatmg compositions whenever 
prepared by the method herein described. .... t 

According to yet another aspect of this invention there are also provided vanous processes for 
5 using the compositions herein disclosed, whether prepared by the method just described or not. 5 

In one such process, for improving the corrosion-resistance of a metal surface, said metal 
surface is contacted with the aqueous metal-coating composition herein described and the 
coating thus formed thereon is thereafter dried and heat-cured. -j . , 

In another such process, for applying a protective coating to a metal surface, said metal 
1 0 surface is contacted with the aqueous metal-coating composition herein described, the coating 1 0 
thus formed is dried to eliminate water, and thereafter a coating of paint is applied to the thus- 

Before treatment by the process of this invention the metal surface especially when it is not 
intended subsequently to paint the coating, should be subjected to conventional precleaning 
1 5 operations to remove dirt, grease and any oxide films and thus promote optimum corrosion- 1 5 

The paint applied to the treated surface can with advantage be either a solvent-type paint 
system or a water-base paint system. While other metals are susceptible to coating by the 
process of this invention it is above ail applicable to the coating of metal surfaces formed of 

20 iron, aluminium and/or zinc. .... ^ , :„ ♦u^ „oo«£,r 

The compositions of this invention can be contacted with the metal surfaces in the manner 
described in Schiffman s United States Patent No. 3.185,596 or by any other usual application 
technique Icnown in the art, such as roll-coating, reverse-roll-coating, dip-coating, flow-coating. 
spray-coating or mist-coating. After the application of the compositions of this invention no^ 

25 rinsing should be required, and there should thus be no waste. Depending of course on the 25 
rnethod of application, everything applied to the metal surface should remain there except the 
water that evaporates off in drying; but should excess amounts be applied, these can be 
removed by drip, spin or the like, and thus be recovered and reused. 
Generally-speaking we have found it desirable to form a coating upon the nrietal surface which 

30 has a coating weigh? of from 5 to 100 mg/ft^ (approx. 0.538-10 76 grams/m^ ^° 
the metal substrate involved. In underpaint application to iron or aluminium, optimum results 
are usually obtained with a coating weight of from 5 to 50 mg/ft^ (approx. O- 538-5.3 
grams/m^ and preferably about 20 mg/ft^ (approx. 2.1 5 grams/m^). In underpaint application 
to zinc surfaces such as galvanized iron best results are usually obtained with coating weights of 

35 5-50 mg/ft^ (approx. 0.538-5.3 grams/m*) and preferably 10-1 5 mg/ft^ (approx. d& 
1 .076-1 .614 grams/m^). Where unpainted corrosion-resistance is sought, for exa"JP'e on 
aluminium, that can usually best be obtained with a coating weight of 5-100 mg/ft (approx. 
O 538-10.76 g/m=^) and preferably of 80-100 mg/ft^ (approx. 8.61-10.76 g/m ). 

In order to control the coating weights achieved it is possible empirically to choose and if 

40 necessary to vary the concentration of the metal-coating composition employed. For most 
purposes the concentration of the composition will thus be varied between that of the 
concentrates herein described (see especially Example 1 hereinafter) and dilutions thereof 
containing about 0.8% or more solids on a volume/volume basis. At this point it may be noted 
that dilution is best carried out using deionized or distilled water in order to minimize 

45 amount of salts that would be deposited in the coating the provide points of corrosion. Generally 45 
we have found it best to employ the composition in the form of the concentrate accordmg to 
Example 1 at a 20% dilution in deionized. water, prepared by adding four parts of deionized 
water to one part of the concentrate (volume/volume). When used in this manner, the desired 
coating thickness is developed faster with less volume and faster dry-off than when aPP"y;"9 the 

50 known chrome and polyacrylic acid coatings. Moreover, the coatings formed by the process of 50 

• this invention tend to produce a more uniform surface, which is particularly importent for 

spangled galvanized metal with varied surfaces. Still further, the compositions of this invention 
generally exhibit better film-forming characteristics than known polyacrylic acid chrome composi- 

55 *'°T?e invention of course extends also to metal articles having a surface coated by the process 55 

^Tn orderthat the invention shall be more fully understood it will now be described in more 
detail, though only by way of illustration, with reference to the following examples: — 

60 Example I— Preparation of Concentrated Composition, suitable for use with or without dilution 60 
41 5 Grams of chromium trioxide were dissolved in about 250-300 ml of deionized water, 
together with 1 4.5 grams of phosphoric acid (1 00% HjPOJ. The solution was agiteted and 
heated to about 130-F (approx. 55-C) and 4.4 grams of formaldehyde (100% HCHO) were 
slowly added thereto while stirring over period of about one hour, the solution being 

65 maintained at a temperature between a: i 1 85°-1 95-F (approx. 85--91 'C). After completior* 65 
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of the addition of the formaldehyde heating was contmued for 2 hours, thus maintainina the 

°' ""^^ ''^'""a- A*^""* 300-350 ml of de on zed SeJ wirl then 
fumfn n^' solut.on. fol owed by 76 grams of Acrysol A-1 solution (25% solidrwIlght/Jo- 
lume of polyacrylic acid) introduced with stirring. The resulting solution was diluted with 

72* hou'rs ' °' '"^^^ ^ ^"^ albwed to sel arid age for 

Jrnh//w«f'^^^v''°"^^L"f'' 1.60 grams of Rhoplex AC-73 acrylic emulsion (46%-47% solids 
weight/volume was diluted with sufficient deionized water to make 200 ml total thus formina 

10 wi^h Si^fn^oih^^'^'^V ^'^^"^ ^'""'s'^" «'as then slowly added ' 

Sll? ^ ^^'^ partially-reduced chrome-acrylic acid solution prepared as dJcribed 

uolll me?abT.Irh°2.^^"*''*^ '^" used without dilution to form corrosion-resistant coatings 
Xp^fi^If T ^^ T'u^'"'' 3'"'"'"!""' where it is not intended that a paint should 
subsequently be applied thereto; or it can be further diluted with deionized water ud to a 
15 volume of as much as 20 litres, and then used in under-paint applications ^ 

- Example 2— Effect upon Paint-Adhesion and Corrosion-Resistance of the Coating Composition 
when used under different paint systems "f^^mon 
Materials employed: 

^° o JfI„m?tJ r*"^ ^"f ^'^^'^^ °* aluminium panels of 0.024 inch (approx 20 

?m I J *'?«^'^"ess. A metal-coating solution in accordance with the present invention was 
employed which consisted of the concentrate prepared as described in ExarnpleT at 20% 

w ° k'^TwT' ' -netal^ating composition of cor^Xb e was also 

25 ISKet No l?Rr«^ir?K'''^ in accordance with the disclosure of Sc'hiffmanYuS ° 

Technique employed' 

■an "^1'^ ^PP"®*^ '"^^''^ °f respective metal-coating compositions to the test 

therSnTl*'"' '""v ^P'" « temperlTsTas to foJm coatSgs 30 

thereon having a coating weight of about 20 mg/ft^ (approx. 0.21 5 g/m^) in each cSe After 
application of the coating, each panel was dried with hot air using a heaTgurthe temperaJire 

(b) a vjnyl paint system; and 

(c) a two-coat Plastisol paint system, using two different primer coat curing temperatures. 

40 Testing procedures: 

«wI^!on T!!f ^""^ "^"'^^^ P?"®'^ "^^'^ ^^^"^ subjected to standard tests to determine paint- 
adhesion and corrosion-resistance, as follows- ^icmnne pami 

I?! Condensing Humidity Test (ASTM D 71 4 Rating)- 

J^lili^^o ®!?*"i®^'?!f "'^ ^^'^^ determines the number of double-wipes with a 

50 tr^^^ ""^^^ *° '^"'^^ pa'"* fro^the 3 surface; 

(5) Pencil Hardness Test. 

Results of Testing: 

55 betew:*^"* ^^'^'''S procedures are summarized in Table I 
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TABLE I 

Paint System 
Employed 



Test 



Results obtained with: 



Comparison 
Conventiorral 
Formulation A 



Formulation 
of Example 
1 (at 20% 
dilution) 



10 a: 



15 



Standard 
single-coat 
Polyester 
System 



Ambient impact ' no paint loss no paint loss 



Cold impact 
Cleveland Humidity 

MEK 

Pencil Hardness 



30% paint loss 
No. 8 blisters 
at 72 hours 
57 double rubs 



HB 



no paint loss 
no blisters 
at 240 hours 
> 1 00 double 
rubs 
HB 



fa Vinyl 
20 system 



25 



Arnbient 

impact 

Cold impact 

Cleveland Humidity 

Humidity 

Pencil Hardness 
Wet impact* 



no paint loss 

5% paint loss 
No. 8 few 
blisters at 
240 hours 
HB 

5% paint loss 



no paint loss 

no paint loss 
no blisters at 
240 hours 

Hto2H 

no paint loss 



a Two-coat 
Ptastisol 
30 Systems 
— Primer cured 
at 380 to 
390"F (approx 
193-199X) 
35 — Primer cured 
at 435^ 
(approx 244X) 
Two-coat 
water*>based 
paint 



Ambient impact 30% paint loss no paint loss 



Ambient impact 
Wet impact* 



no paint loss 



no paint loss 



no paint loss 



10 



15 



20 



25 



30 



35 



40 



40 



45 therefrom.]. 

The results set out in Table I above ^^^'^onstraXeXUaX^^^^^ 
accordance with the present invention f J m ^^f^^^^^JI^^^^^^ paint 
containing an acrylic emulsion poj'^^jjj^" "^.^''.^^ in 

50 system exhibited no paint loss m *e «Ped revers^^^^^^ ^ 

S;h%rs rp^tTs^rt^ ^br/ed^^^^^^^^^^^ uZ:!U^ -ting had been applied in 
accordance with the present invention , , ^o. 8 blisters after a 72-hour 

p„»n, invenlio., resulted In no u^™ Mn°e«°onal Fonnuletion A (57 double rubs) 

^I^^^J.'t^t^^^TJS^Zi^^ prese.. inve«,o„ ,>100 double 

60 '"S^iS^.'u'^r .ha «o.oa, PlasUso, pain, ^em In o^er ,o ^^^^^^^ 
Witt, respect to tapM^ ?"«'T.?r?,^in?reasi^ cu^SpSre of the primer pair*. 

?rus;=„^re'^ir,frd3=:^^^^ 

65 pe^Sr^. ™rn''rrZs?tS=r.rr.ned in.aco^^^ 
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invention resulted in the required hardness of H to 2H. 

Example 3 — Effect upon Performance under Various Paint Systems of Cfianges in the 
Proportions of Ingredients 
Tests were carried out, generally in the manner described in Example 2 above usinq 
compositions derived from the concentrate of Example 1 modified to show the effects obtained 
within and without this invention. 

Composition (i) 

Prepared from 100 ml of the concentrate obtained as described in Example 1, to which there 
are aaded 400 ml of a solution in deionized water containing 50 grams of chromium trioxide 
per litre, thus yielding a test solution which contains a sotal of 44.3 grams of hexavalent 
chrome (expressed as CrOj) per litre and 2.1 grams of trivalent chrome (expressed as chromium) 

Composition (ii) 

The composition obtained by diluting the concentrate prepared in Example 1 to 20% dilution 
while increasing the phosphoric acid concentration from 2.9 g/l to 1 7.9 g/l. 



20 Composition (Hi) 

The composition obtained by diluting the concentrate prepared in Example 1 to 20% dilution 
while increasing the concentration of polyacrylic acid from 3.8 g/l to 18.8 g/l. 



25 



Composition (iv) 

The composition obtained by increasing the concentration of reduced chrome in the product 
of Example 1 in the following manner— to 100 ml of that concentrate there are added an 
additional 400 ml of a solution containing 18.0 g/l of chromium trioxide (partially reduced by 
the same procedure as that described in Example 1 t6 an extent of about 47%) so that the total 
combined solution contains 12.1 g/l of hexavalent chrome (expressed as CrO,) and 5.5 q/l of 
30 trivalent chrome (expressed as chromium). 

Using the same impact and humidity testing procedures as those already described in 
Example 1 above, the results obtained are summarized in Table 11 below: 



TABLE U 



io 



15 



35 



Paint System Test 



Results obtained with Composition 



(i) 



(ii) 



(iii) 



(iv) 



40 Polyester 
Vinyl 

45 



Cold impact 

Cold impact 

Ambient 
impact 



100% 

paint 

loss 

80% 

paint 

loss 

5-10% 

paint 

loss 



no paint 



no paint 1 to 2% 
loss paint loss 



20 



25 



30 



35 



40 



100% 

paint 

loss 

30% 

paint 



90% 

paint 

loss 

30% 

paint 



no paint 



no paint 
loss 



50 Polyester 
Vinyl 

55 



Cleveland 
Humidity 
(120 hrs.) 

Cleveland 
Humidity 
(120 hrs.) 



No. 4 

blisters 

dense 

No. 8 

blisters 

dense 



No. 8 

blisters 

medium 

dense 

No. 8 

blister 

few 



No. 2 

blisters 

dense 

No. 8 

blisters 

dense 



No blisters 



No blisters 



45 ^ 



50 



55 



The results set out in Table II above illustrate the criticality of the relative proportions between 
60 the various ingredients if both "universality" (that is to say usefulness under a variety of 
different paint systems) and also high performance (as regards both adhesion and corrosion- 
resistance) are to be achieved. Thus the corrosion-resistance results (as measured by the 
Cleveland humidity test) under both polyester and vinyl paint systems indicate that the ratio of 
hexavalent to tnvalent chrome Is more significant than the total chrome concentration; and it 
can also be seen that the corrosion resistance decreases upon an increase in the phosphoric acid 
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or polyacrylic acid concentrations. 

'''^"^An aqueous metal-coating composition for coating metal surfaces to enhance their 
5 corrosion-resistance and paint-adhesion properties, which comprises: • 

(a) mixed chromium compounds consisting of a mixture of hexavalent chromiuni and triyalent 
chromium formed by reducing from 40% to 60% of the hexavalent chromium to the tnvalent 
state; together with 

(b) phosphoric acid; ^ q 
1 0 (c) polyacrylic acid; 

(d) acrylic emulsion polymer; and , , ^. ,. ^i. ^ 

(e) water in an amount at least sufficient to dissolve and/or disperse all the other components 

therein to form a solution-lii<e composition. ^. x u ,^A..^aA to 

2. A composition as claimed in claim 1 , in which the proportion of hexavalent reduced to 
15 the trivalent state does not exceed 55%. .... xu 

3 A composition as claimed in claim 1 or claim 2, in which the proportion of hexavalent 
chromium reduced to the trivalent state is within the range of from 46% to 50/o. 

4 A composition as claimed in any of the prBcedIng claims, m ^h-ch the phospW^^^^ 
present in a ratio by weight of from 3 to 4 parts of the phosphoric aad (1 00% H3PO4) per 10 

20 parts of the mixed chromium compounds. u .u- ..M>*or eni.ihia 

5. A composition as claimed in any of the preceding claims, in ^^^ich the wrarter-sojubte 
polyacrylic acid is present in a ratio by weight of from 4 to 5 parts of water-soigble polyacrylic 
acid solids per 10 parts of the mixed chromium compounds. . . . ^ o,vi..m« 

6. A composition as claimed in any of the preceding claims, .n which the 
25 polyacrylic acid is incorporated in the fomi of an aqueous solution containing substamially 25 ^ 

by weight of polyacrylic acid solids. ^^^,*ir^n<^*a 

\. A composition as claimed in any of the preceding claims. which the P~P°rt'°?J*« 
concentration of afcrylic emulsion polymer lies within the range of from 1 7 to 20 parts by weight 
of acrylic emulsion polymer per 1 0 parts by weight of the mixed chromium compounds. 
30 i A ^^S^ionas claimed in any of the preceding claims, in which tfie acrylic emulsion 30 
polymer used Is an emulsion with a non-ionic surfactant containing about 46.0%-47.0% 

polymer solids with an alkaline pH in the range of 9.0 to 10.0. ^„nr^ntrates 

9 Compositions as claimed In any of the preceding claims, m the form of concentrates 
containinrsubstantially 1 0 parts by weight of the mixed chromium compounds (calculated as 
35 CrOa) in substantially 200 parts by weight of composition. „„„„.:.„trat» 

16. Compositions as claimed in any of claims 1 to 8, which comprise t*^^ concentrate of 
claim 9 diluted with deionized water to form a dilute coating composition up to 20-times the 

^°ir t^ersTSrating compositions for coating -t™- ^ TaSSV^^^^^ which 
40 corrosion-Vesistance and paint-adhesion propert.^ 
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35 
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50 



corros on-resisxanue ai lu ijaiiii-aviiiwo.v... . — , «? • _ ^x. 

~ntain concentrations, per 200 ml to 4 litres of the resultant ^q^^^^^f^^]^^^^^ been 

(i) substantially 8.3 grams of chromium trioxide (of which substantially 46%-50% has been 
reduced to the trivalent state); 

(ii) substantially 2.9 grams of phosphoric acid (lOO/o H3PO4); 
45 (iii) substantially 3.8 grams of polyacrylic acid; and 

{\\/\ substantially 1 4 9 grams of acrylic emulsion polymer solids. ^ . . u a 

12 Compos ions as claimed in any of claims 1 to 1 1 and substarit ally as herein described 

13 A method of preparing a stable aqueous metal-coating composition, as claimed in any of 
the precedSrcSms. for^oatk^g metal surfaces to enhance their ~r:.°«'°"-r««'^"^;^,^^^ 

. 50 adhesion properties, the coating-formlng ingredients of said composition being h^avalent 
chromium trivalent chromium, phosphoric acid, polyacrylic acid and an acrylic emulsion 
polymer, which method comprises the steps of: u • ^.a. 

(1) forminq an aqueous solution of chromium trioxide and phosphoric acid, 
2 reducing from 40% to 60% by weight of the hexavalent chromium present in said 
55 so£ on to S^^^^^^^^ ""der^onditions such that substantial ya l of^^^^^^^^^ 55 

products from the reduction remain completely dissolved in the resultant partially-reduced 

""^Tiddin^'Scrylic acid to the partially-reduced chromium solution under wnditions such 
as to ensilJItCthTreactants present completely Interact to form a paalally-reduced chromium 
60 polyacrylic acid solution; and 

(4) adding acrylic emulsion polymer thereto. „ _ . . _^.,„„ ^x , 

1 4 A method as claimed in claim 1 3, in which the reduction is effected by means of a 
reducing agent that does not form objectionable reaction products .n the solution. 

15 A method as claimed In claim 14. in which the reducing agent is ^o'-'^aldehyde^ 

65 6 A method of preparing a stable aqueous metal-coating composition, wnich composes 65 
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the steps of: 

suSitanTalr;^^^^^^^^^^ txTdetd^'t'? ^1 ''Jr"""^^ corresponding to 

(100% H3PO,) per alS'aOO rST^ater ' ^""stant.ally 14.5 grams of phosphoric acid 

to prevent boil-over; ' ^ ^'^""^ °* ^''^ chromium trioxide under such conditions as 

, Jii'i -Tg^^^^^ temperature within the range of 

1 0 partial reduction Ke'chro^um ?i 2 min»T °^ ^° ^^"'P'^te the 

complete dissolution oHh'"ruL^:aS^^^^ formaldehyde and to ensure the 

M JdrffrlnH,**?^ resulting solution with from 300 ml 'to 350 ml of water- 
grillsti iKl^^^^^^^^^^^^ ,TlT substantially 76 

15 manne as to bring The reaction TfL^po^^^^^ ^r^""" °* chromium trioxide in such a 

- ^f'S^XZr^^'^r' -'"-^ - -^--'^^^^ «00 - per original 

20 acj;i?c polVme^Srrli'ont '1^^^ "'t '^'""'^ ^'^^'^ ^^^ing an 

1 3 to 1 ^^'^'-^''^ compositions whenever prepared by the method claimed in any of claims 

12 or in claim 18, anAe cSTiZ^i^^ ?^ composrtion as claimed in any of claims 1 to 
30 20. A process for LnK^i^n i nJt t ®*'.*®™^^ thereafter dried and heat-cured, 
surface is coSeXK aqSS^^^^^^^^ ' """"''-^ ^^'^ "^'^^ 

12 or in claim 18. the «,ltU th^s foS ^^'^^^''T '^'^''"^^ ^"^ °^ ^'^'^^^ 1 to 

of paint is appfid to thel^uXSHHHoe ^^^^^^^^^ « ««t'"9 

35eJ;a&?p1r^^^^^^^^^ 

Jr by S -^^^^^^^^^ in whfch the metal surface coated 

23. Metal articles havi ng a surface coated by the process claimed in any of claims 1 9 to 22. 
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